The fork head domain family of genes de®nes a growing group of proteins that serve important regulatory functions in pattern-forming events of both invertebrates and vertebrates. Here we add three closely related, novel members to this family in Xenopus laevis, termed XFD-12, XFD-12 H and XFD-12 HH . All three genes reveal indistinguishable expression patterns during Xenopus embryogenesis. During gastrulation, XFD-12 type transcripts are detected exclusively in the super®cial layer of cells within the Spemann organizer territory. In the open neural plate, XFD-12 type expression de®nes a row of cells located along the dorsal midline and destined to become the¯oor plate of the neural tube. After closure of the neural tube, XFD-12 type encoding mRNAs are only detected in the tailtip and a small area located at the midbrain/ hindbrain boundary. Within the Spemann organizer and in the¯oor plate area, expression of XFD-12 type genes is only partially overlapping with XFD-1 expression. q
Results and discussion
Transcription factors of the fork head/HNF-3 multigene family contain an evolutionarily conserved DNA binding domain of winged helix structure (Clark et al., 1993) . They are regarded as essential components within the hierarchical network of regulatory molecules which are required for embryonic development and for maintenance of a differentiated cell state in all higher eucaryotic organisms (reviewed in: Kaufmann and Kno Èchel, 1996) . Search for fork head/HNF-3 related transcription factors in Xenopus laevis revealed the existence of a multigene family comprising 11 different XFD (Xenopus Fork head Domain) genes, XFLIP, XFKH-4 and XFKH-5 (for synonyms and references see: Kaufmann and Kno Èchel, 1996; Ko Èster et al., 1998) , FAST-1 (Chen et al., 1996) , XBF-1 (Bourguignon et al., 1998) and XBF-2 (Mariani and Harland, 1998; Go Âmez-Skarmeta et al., 1999) . The characterization of regulatory molecules expressed within the Spemann organizer is of particular interest for a better understanding of dorsalization and neuralization processes. A well characterized fork head gene being activated in this region is the Xenopus functional homolog of mammalian HNF-3b , termed XFD-1/1 H or pintallavis/XFKH1 (Kno Èchel et al., 1992; Ruiz i Altaba and Jessell, 1992; Dirksen and Jamrich, 1992) , which is required in the early establishment of the notochord (O'Reilly et al., 1995) .
We have isolated three closely related members of the XFD multigene family, referred to as XFD-12, XFD-12 H and XFD-12
HH . Fig. 1A shows the amino acid sequences of corresponding proteins as deduced from the three different cDNAs. H share 88% amino acid identity, whereas XFD-12 and XFD-12 H proteins share only about 71% identity with HH . This, together with the indistinguishable embryonic expression pattern of these genes (see below), suggests a common evolutionary origin by duplication of an ancestral gene prior to the tetraploidization event. All three proteins are members of the winged helix subfamily 5b (Kaufmann and Kno Èchel, 1996) characterized by a GICE/D amino acid motif within the second helix of their fork head domains (Fig. 1B) . But, whereas 
XFD-12/12
H /12 HH and Drosophila FD3 differ from all other members of this subfamily, the remaining genes, except for zebra®sh fkd8, de®ne a highly related subgroup with substantial homologies also outside the fork head domains and most probably represent the orthologues from different species.
Temporal expression of XFD-12 H during Xenopus embryogenesis was analyzed by RT-PCR (Fig. 2) . A very low level of maternal expression is reduced after fertilization. Zygotic transcription starts at midblastula transition and reaches its maximum during gastrula/neurula stages. A lower level of expression is maintained during tailbud and later stages.
A detailed analysis of the spatial expression of XFD-12 H was performed by whole-mount in situ hybridization (Fig.  3) . Expression patterns of XFD-12 and XFD-12 HH were indistinguishable from the one described for XFD-12 H (data not shown). At the onset of gastrulation, XFD-12 H mRNA was detected in the region of the dorsal blastopore lip (Fig. 3A) ; sections revealed speci®c expression in the super®cial cell layers without extension into the deeper, endomesodermal cells (Fig. 3F,F H ). Within the prospective, as well as in the developing open neural plate, the XFD-12 H signal condenses successively to form a single stripe that extends anteriorly from the closing blastoporus along the dorsal midline (Fig. 3B±E) . Sections con®rmed that the XFD-12 H positive cells are located almost exclusively within the neuroectodermal cell layers (Fig. 3G,H) , only weak expression can be detected in the posterior part of the newly forming notochord (Fig. 3G) . In contrast, XFD-1 is strongly expressed in the involuting mesoderm, and, at the onset of neurulation, prospective neural¯oor plate expression of XFD-1 is most obvious within the more anteriorly located neuroectoderm (Fig. 3I H ,J H ). Double-staining with XFD-1 and XFD-12
H con®rms an only partial overlap of expression (Fig. 3I,J) . Upon closure of the neural tube, oor plate expression of XFD-1 and XFD-12 vanishes and the same cells are then known to express XFD-3, the Xenopus sequence homolog to HNF-3b (Kno Èchel et al., 1992; Ruiz i Altaba et al., 1993) . During neurulation, the posteriormost expression domain of H is maintained (Kaufmann and Kno Èchel, 1996) being characterized by the GICE/D motif (amino acid positions 35±38) have been aligned for their winged helix domains. The partial XFLIP sequence (King and Moore, 1994 ; XFLIP update: accession number U04872) is identical to the corresponding positions of XFD-12, XFD-12
H as well as of XFD-12 HH (see also Fig. 1A) , however, the 95 bp nucleotide sequence of XFLIP yields only a perfect match to XFD-12 H (one silent mismatch to XFD-12 H , three silent mismatches to XFD-12; data not shown). Positions of helices H1, H2 and H3 (involved in DNA binding) as found in HNF-3g structure (Clark et al., 1993) are indicated. Note that Xenopus XFD-6 (Scheucher et al., 1995) , rodent HFH-2/genesis (Clevidence et al., 1993; Sutton et al., 1996) , chicken CWH-3 (Freyaldenhoven et al., 1997) and zebra®sh fkd6 (Odenthal and Nu Èsslein-Volhard, 1998 ) are most closely related, but differ from XFD-12 and Drosophila FD3 (Ha Ècker et al., 1992) , as well as from zebra®sh fkd8 (Odenthal and Nu Èsslein-Volhard, 1998). and develops into the tailbud/tailtip signal (Fig. 3K,L) . Within the tailtip, XFD-12 H transcripts are localized to the spinal cord roof, as well as to the chordoneural hinge (Fig. 3L,L HH ). From late neurula stage onwards, additional staining can be detected within the anterior central nervous system (Fig. 3K,L,L H ). Double-staining with En-2 and Krox-20, respectively, revealed that XFD-12 H expressing cells are localized within the midbrain/hindbrain boundary (Fig. 3M,M H ) anterior to rhombomeres 3 and 5 (Fig.  3N,N H ). (Nieuwkoop and Faber, 1975) 
